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AMENDMENT 

Amendment to Claims 

Please add the following claims as shown below. 



7. (Newlv added) An apparatus, comprising: 
a static random access memory: 

a processor coupled to the static random access memory: 

a voltage regulator adapted to provide at least two voltage potential levels to 

at least a portion of the processor: and 

wherein the processor is adapted to adjust the voltage potential level 

provided by the voltage regulator depending on the operational load of the 

processor, 

8 (Newly added) The apparatus of claim 7, wherein the voltage regulator is 
adapted to provide an idle voltage potential level and a peak voltage leveL 

9. (Newlv added) The apparatus of claim 7. further comprising a state 
machine adapted to determine the operational load of the processor. 

1 0 (Newlv added) The apparatus of claim 9, wherein the state machine is 
further adapted to determine a minimum voltage potential level at which the 
processor can operate. 

1 1 (Newly added) The apparatus of claim 7, further comprising a clock signal 
generator adapted to provide a clock signal of at least two frequencies. 

12. (Newly added) A method comprising: 
determining an instruction mix of a processor: 

determining a frequencv at which the processor may operate given the 

instruction mix; and 

determining a voltage potential level corresponding to the freouencv: and 
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providing at least a portion of a processor with the frequency and voltage 
potential level. 

13. (Newly added) The method of claim 12, further comprising changing the 
t mquency andj/oltage potential level in response to a change in the instruction mix 
of_the. processor. 

1 4. (Newfv added) A method of operating a processor, comprising: 
adjusting the voltage potential level provided to at least a portion of the 

processor based on the instruction mix executed by the processor. 

1 5. (Newly added) The method of claim 14, further comprising determining 
an operational frequency based on the instruction mix executed by the processor. 

1 6. (Newly added) The method of claim 15, further comprising adjusting the 
operational frequency after adjusting the voltage potential level. 

17. (Newly added) An article comprising: a storage medium having stored 
thereon instructions, that, when executed bv a computing platform, results in: 

adjusting the voltage potential level provided to at least a portion of the 
computing platform based on the instruction mix executed bv the computing 
platform. 

18. (Newly added) The article of claim .17, wherein the instructions, when 
executed, further result in determining a preferred operational frequency based on 
the instruction mix executed by the computing platform, 

19. (Newly added) The article_of claim 17, wherein the instructions, when 
executed, further result in computing platform executing the instruction mix at peak 
performance. 
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20, (Newly added) The article of claim 17. wherein the article further 
comprises a static random access memory device and the computin g platform is 
coupled to the static random access memory, 

21 , (Newlv added) The article of claim 20, wherein the static randotTLaccess 
memory is adapted to store the instructions to be executed by the computing 
platform. 
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Remarks 

Applicant hereby requests that United States Patent and Trademark Office 
initiate broadening reissue proceedings for the above-mentioned issued patent. 
Applicant requests that the preceding claims be added prior to examination. 

Specification 

A copy of the original patent is filed concurrently with this application. The 
copy of the original patent was prepared by transcribing the copy of the original 
application as filed on February 1 2, 1 996. In addition, the text of the enclosed 
application has been modified, as required by 37 CFR S 1 .173, to reflect the 
changes made by the amendment filed on September 26, 1 997 and the amendment 
filed on January 28, 1 998. These amendments have been shown as normal text as 
they appear in the original patent. No new matter has been added. 

Oath and Declaration 

Applicant has filed concurrently with this reissue application an oath and 
declaration that is believed to meet the requirements of 37 CFR §1 .175, 

Offer to Surrender the Original Patent 
Patent No. 5,812,860 granted to Horden et ah on September 22, 1998 of 
which fntel Corporation, now sole owner by assignment, and on whose behalf and 
with whose assent the accompanying application is made, hereby offers to 
surrender said letter patent. 

Assent of Assignee to Reissue 
The undersigned assignee hereby avers in accordance with 37 CFR §3.73 
that he is authorized to act on behalf of the assignees of the entire interest in the 
above-mentioned letters patent and hereby assents to the accompanying application. 

Drawings for the Re issue Application 
in accordance with M.P.E.P. §1413, Applicant hereby requests transfer of the 
drawings from the file of the original patent in lieu of new drawings. Applicant is 
enclosing with this reissue application a photocopy of the drawings of the patent as 
temporary drawings as permitted by 37 CFR § 1.174. 
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Request for Abstract of Title Report 

Applicant is filing herewith a request for a certified Abstract of Title report 
and appropriate fee in accordance with 37 CFR § 1-171. 

Support for Amendments. 

As indicated above, claims 7-21 have been added. Support for the 
amendments is at least shown by the examples in FIG. 1 and described in 
Applicant's specification at column 3, line 9, through column 4, line 54. 

Applicant respectfully submits that no new matter has been added. 

Conclusion 

Applicant respectfully requests that the Examiner allow all pending claims. 
Should it be determined that an additional fee is due under 37 CFR § § 1 . 1 6 or 

1-17, or any excess fee has been received, please charge that fee or credit the 

amount of overcharge to deposit account #02-2666. 

If the Examiner believes that there are any informalities which can be 

corrected by an Examiner's amendment, a telephone call to the undersigned at 

(480) 554-9732 is respectfully solicited, 

Respectfully submitted, 
Ira Horden et al. 

Kenneth M. Seddon 
Patent Attorney 
Reg. No. 43,105 

Dated: f—2.*2--OG 

do Blakeiy, Sokoloff, Taylor & Zafman, LLP 
1 2400 Wilshire Blvd., Seventh Floor 
Los Angeles, CA 90025-1026 
(503) 264-0967 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to reducing power consumption by VLSI circuitry. More 
specifically, the invention relates to manipulating a voltage and a frequency supplied to VLSI 
circuitry to achieve lower average power consumption by the VLSI logic circuitry. 

(2) Related Art 

As more systems become portable, increased reliance will necessarily be placed on 
portable power supplies, particularly batteries. Reducing power consumption by processors 
becomes increasingly important as the industry moves to maximize battery life. Even in 
stationary systems, excessive power consumption translates into higher operational costs. 
Additionally, increasingly stringent governmental requirements and environmental standards 
militate toward reducing the power consumed in a computer system where possible. 

The power consumed by CMOS VLSI circuitry is proportional to f x V 2 where f is the 
frequency and V is the voltage. It is relatively common for power sensitive products to adjust 
the frequency to achieve a linear reduction in power consumption by the circuitry. Early 
processor packaging provided only a single set of voltage input pins (Vcc). Because external 
logic typically requires three or five volts, it has not been possible to separably adjust the voltage 
to achieve any power savings. VLSI fabrication techniques allow the introduction of two sets of 
power pins and accordingly two different voltage levels on a single chip. For example, a 
processor core is typically constructed on the die and surrounded by peripherals, all of which 
operate on the voltage of the processor core. Around these components is a lead frame which 
provides for connection to external devices. Each interface at the lead frame is known as a pad, 
and all the pads taken together are a pad ring. The pad ring is typically supplied by a separate 
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power supply. Different power supplies allow for improved noise characteristics and the use of 
different voltages as pad and core voltages. While this allows a separate core voltage and, 
therefore, some effect on the VLSI circuits power consumption, the VLSI circuits power 
consumption is still limited by the worst case application mix if the peak level of performance is 

5 to be maintained. For example, of a processor must operate at 32 MHz, the voltage maintained 
must allow operation at 32 MHz, e.g., must be > 2.75 V. 

Each frequency has a minimum voltage at which the CPU can operate and maintain 
operation. The required voltage normally increases with increased frequency. Frequency is a 
key measure of performances. Processors having greater peak performance require higher 

10 frequencies which depend in turn upon higher voltages with a significantly higher power 

consumption. While in most cases sufficient processing can be performed at lower frequencies, 
the performance rating of the processor relies on its ability to handle a worst case load. Thus, the 
voltage at which the CPU can operate at the frequency required for a worst case application mix 
is typically employed to insure performance does not degrade below the specified peak. This 

15 results in excessive power usage any time the processing capacity is not fully utilized. 

It would be desirable to be able to maintain a high peak performance rating while 
reducing power consumption through use of lower voltages when peak processing is 
unnecessary. It would, therefore, be desirable to be able to adjust voltage and frequency based 
on a current application mix. 
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BRIEF SUMMARY OF THE INVENTION 

A method and system for reducing poser consumption in VLSI circuit is disclosed. A 
state machine is used to coordinate a frequency from a clock signal generator with a voltage from 
a voltage regulator which is sufficient to allow a desired level of operation of the VLSI circuit at 
that frequency. Both the clock signal generator and the voltage regulator must be able to 
generate at least two frequencies or voltages, respectively. A level of VLSI circuit performance 
need is tracked, and the optimal frequency/ voltage pair that will allow the VLSI logic to run 
with a minimum power consumption. The level of VLSI circuit performance need is monitored 
either periodically or continually such that a new frequency / voltage pair can be dynamically 
selected as the desired level of operation changes. This allows the VLSI circuit to satisfy even a 
worst case application mix at an established peak rating maintaining a high performance rating 
while dramatically reducing power consumption over prior art systems. 

In an alternate embodiment, a maximum power consumption level is established below 
the maximum performance level of the system. The system then selects the frequency / voltage 
pair which most closely meets the application mix need, but is still below the maximum power 
consumption allowed. This embodiment may be useful where a user is willing to forego some 
performance to ensure at least a certain level of battery life. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a block diagram of one embodiment of the invention. 
Figure 2a is a graph of power consumption at various frequency and voltage levels. 
Figure 2b is a graph showing possible power saving over a fixed voltage system. 
Figure 2c is a table of data from which Figures 2a and 2b are derived. 
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DETAILED DESCRIPTION OF THE INVENTION 

A method and apparatus for reducing power consumption in VLSI circuitry are disclosed. 
In the following description, for purposes of explanation, specific applications, numbers, 
materials, and configurations are set forth in order to provided a full understanding of the present 
5 invention. However, it would be apparent to one skilled in the art that the present invention may 
be practiced without the specific details. In other instances, well-known systems are shown in 
diagrammatical or block diagram form in order not to obscure the present invention 
unnecessarily. The following description is written using a processor core. For the sake of 
illustration, it should be understood that the invention is also applicable to other VLSI logic 
10 devices including without limitation VGA chip sets, MPEG decoder devices, etc. 

Figure 1 shows a block diagram of a system employing the invention. A processor core 
1 running an operating system 4 and peripherals 17 coupled to a pad ring 16 is connected to a 
memory 3 by a bus 2. A power supply 7 which can be a battery or any other conventional power 
supply provides power to voltage regulator 5 which in turn provides a core voltage Vcc core . The 
15 peripherals 17 typically operate on Vcc cor e 9 and may include interrupt controllers and any other 
peripheral circuit packaged with the processor core. A second voltage Vcc pa dl0 is provided to 
the pad ring 16 within which the core 1 resides. The voltage regulator 5, clock generator 8, and 
state machine 6 are shown discretely. It is envisioned that any or all of these components may be 
incorporated on a single chip and such is within the scope contemplation of the invention. 
20 Operating system 4 provides a control signal 15 to state machine 6. State machine 6 

provides control signals 12 and 13 to voltage regulator 5 and clock generator 8, respectively. IN 
the current invention, it is anticipated that voltage regulator 5 will support at least two voltages, 
and clock generator 8 will support at least two frequencies. The voltage regulator 5 is envisioned 
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to include both the case where a single voltage regulator provides all supported voltages and the 
case where multiple voltage regulators provided different voltages. In the second case, changing 
the voltage supplied entails switching between independent voltage regulators. Both 
arrangements are commercially available. Similarly, clock generator 8 can produce its multiple 

5 frequencies using different crystals, clock division, or any other conventional way. Clock 

generator 8 responds to control signal 13 for providing a clock signal 14 to the state machine 6. 
The state machine 6 synchronizes the incoming clock signal 14 to the state machine 6. The state 
machine 6 synchronizes the incoming clock signal 14 to the voltage change and provides 
synchronized clock signal 1 1 to the core processor 1 . Voltage regulator 5 provides one of its 

10 supported voltages as the Vcc cor e 9 responsive to the control signal 12 from state machine 6. 

State machine 6 must insure that the specification of the processor core is continually adhered to. 
To this end, state machine 6 must control the slew rate of the voltage at the transition point, 
maintaining the appropriate slew for the particular device. 

In one exemplary embodiment, voltage regulator 5 supports two voltages, and clock 

15 generator 8 supports two frequencies. One frequency corresponds to peak performance, for 

example, 32 MHz, and a second frequency corresponding to an idle core frequency, for example, 
1 6 MHz. Voltage regulator 5 is configured to provide the minimum voltages required to operate 
the processor at 16 and 32 MHz which the clock generator 8 could supply. State machine 6 
through control signals 12 and 13 insures that the voltage regulator 5 supplies the idle voltage 

20 when clock generator 8 is supplying an idle frequency, and the voltage generator 5 supplies a 
peak voltage when the clock generator 8 is supplying a peak frequency. 

Operating system 4 notifies state machine 15 whether the core should be operating at 
peak or idle frequencies and voltages. In this embodiment, the operating system 4 need only 



42390.P3275 



6 



TMC/cm 



identify whether core utilization and the corresponding required throughput can be handled at the 
supported idle frequency or if a higher frequency is required. If the state machine is in idle state 
and a higher frequency is required, the O/S asserts a switch state signal along control line 15. 
The state machine 6 then uses control lines 13 and 14 to drive the voltage regulator 5 and the 
clock generator 8 into the peak state. Conversely, if the total core usage could be accommodated 
at the idle state and the state machine is in the idle state, the O/S need not signal the state 
machine at all. An analogous case exists for transitioning the state machine from idle to peak. In 
an alternate embodiment, this time functionality may be performed using a hardware switch (not 
shown) (or even second state machine) to provide input to the state machine. 

It will be recognized by one of ordinary skill in the art that even this two voltage 
embodiment will achieve significant power savings. In the above example, if the idle voltage is 
2 V and the peak voltage is 2.75V, and if we assume an even distribution between idle and peak 
performance, power consumption is reduced by 36% over a platform having a single peak 
voltage and a single frequency. Moreover, a power saving of 16% is achieved over a system 
having a single peak voltage of 2.75, but a variable frequency. As a practical matter, real 
systems tend to spend greater than 50% of their time in an idle mode, so reduction in power 
consumption can be expected to be even greater than the above example. 

In an alternate embodiment, a voltage regulator 5 supports any number of voltages up to a 
continuum between two end points. It is envisioned that supporting a plurality of voltage pairs 
corresponding to different peak and idle levels will be a common form of this embodiment. 
Similarly, the clock generator 8 supports a plurality of frequencies and will be recognized by one 
of ordinary skill in the art that by supporting a multitude of voltages and frequencies, the 
granularity of the power reduction system can be improved such that the power expended more 
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closely approximates the minimum power actually required to do the processing performed. In 
this embodiment, the operating system 4 acquires some objective measure of processor need for 
each application (not shown) seeking access to the processor core 1 which may or may be in 
MIPS, MFLOPS or another objective measure of processor need. One way this measure may be 
5 provided is by having each application tell the O/S its need or expected need based on operations 
to be performed. Modification to application programs which would be needed to provide this 
functionality would be readily apparent to persons skilled in the relevant art. The operating 
system 4 accumulates the processor need for all currently active applications. The operating 
system 4 then directs the state machine to transition into a state which as closely as possible 
p 10 matches the frequency and voltage to the application mix currently accessed in the processor 
CP core 1 . It is envisioned that other considerations may in some cases drive voltage/ frequency pair 
yj selection. Among the other considerations are temperature, device behavior, and performance 
Jf I data. 

p In yet another embodiment, a maximum power consumption level is established by user, 

15 the operating system 4 or some sort of external consideration. This maximum power 
p consumption basically creates a cap on the peak performance attainable. The operating system 4 
creates a new peak at the closest supported frequency voltage point to the maximum power of 
consumption level. When this artificial peak is established, the system operates as it did in the 
embodiment discussed immediately above. Specifically, if the current application mix does not 
20 require the new peak performance level, the operating system drives the state machine into the 
lowest state which will meet the current mix requirements. 

Figure 2a reveals the power consumption curves and various voltages and frequencies 
for a sample system. Figure 2a shows the maximum frequency which the sample system could 
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operate at 1 .75 V is 12MHz. At 2 V, the system can operate up to 16 MHz, at 2.25V up to 20 
MHz, at 2.5V up to 20 MHz, at 2.75 or 3V. The system can operate at least to 32 MHz. As the 
graph depicts, for any supported point, a lower voltage would yield a lower power of 
consumption at the same frequency. Figure 2b shows a graph of one embodiment of the 
5 invention, power usage at various frequencies. Prior art, the power consumption curve in 3V, the 
voltage is fixed at and the frequency is variable is also graphed in Figure 2b. This graph 
illustrates the power savings that can be achieved at any point in time by providing the ability to 
modify the voltage to the minimum required to operate at the desired frequency. The aggregate 
power saving over time will depend on the granularity, e.g. number of voltage levels supported 

10 and the amount of time spent operating at each frequency. Figure 2c shows the data from which 
Figures 2a and 2b are derived. While the graphs and data provide values up to 32MHz, it is 
anticipated that the invention is not so limited and could be extended to any processor frequency. 
Such is considered within the scope and contemplation of the invention. 

In the foregoing specification, the invention has been described with reference to specific 

15 embodiments thereof. It will however be evident that various modifications and changes can be 
made thereto without departing from the broader spirit and scope of the invention. 

In the foregoing specification, the invention has been described with reference to specific 
embodiments thereof. It will however be evident that various modifications and changes can be 
made thereto without departing from the broader spirit and scope of the invention as set forth in 

20 the appended claims. The specification and drawings are, accordingly, to be regarded in an 

illustrative rather than a restrictive sense. Therefore, the scope of the invention should be limited 
only by the appended claims. 
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CLAIMS 

What is claimed is: 

3 1 . A system comprising: 

4 a processor coupled to memory by a bus, the processor having a processor core 

5 and a pad ring, the processor core having an independent power supply; 

6 a voltage regulator providing a plurality of voltages and providing the independent 

7 power supply; 

8 a clock signal generator providing a clock signal at a plurality of frequencies; 

9 a state machine to coordinate voltage and clock frequency to the processor core; and 



10 an operating system running on the processor, the operating system monitoring an 

1 1 application mix executing in the processor to determine a required frequency, and determining a 

12 minimum voltage at which the processor core can operate at the required frequency, wherein the 

13 operating system directs the state machine to enter a state in which the required frequency is 

14 supplied by the clock signal generator and a closest supported voltage equal to or greater than the 

1 5 minimum voltage is supplied by the voltage regulator. 

1 2. The system of claim 1 wherein the voltage regulator provides one of an 

2 idle voltage of a peak voltage. 

3. The system of claim 1 wherein the voltage regulator can provide one 
voltage corresponding to each frequency supported by the clock signal generator. 

1 4. A method of reducing power consumption by a processor core and a pad ring 

2 comprising the steps of: 
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3 accepting a mesure of processor core performance need of each application 

4 currently seeking access to the processor core; 

5 accumulating each measure of processor core performance need to find total current 

6 need: 

7 calculating a minimum frequency that will allow the processor core to meet the total 

8 current need for the time period: 

9 selecting a lowest supported frequency equal to or greater than the minimum 

1 0 frequency to be a required frequency: 

1 1 finding a minimum supported voltage at which the processor core can operate at the 

12 required frequency independent of a voltage required by the pad ring; 

13 supplying the required frequency and the minimum supported voltage to the 

14 processor core; and 

15 dynamically changing the required frequency and the minimum supported voltage supplied 

16 responsive to a change in the current application mix. 

1 5. A method of reducing power consumption by a processor core and a pad ring 

2 comprising the steps of: 

3 establishing a maximum allowable power consumption; 

4 finding a maximum supported frequency which will allow the processor core to 

5 remain below the maximum allowable power consumption at the minimum supported voltage; 

6 selecting a required frequency to be less than or equal to the maximum supported 

7 frequency: 

8 finding a minimum supported voltage at which the processor core can operate at the 

9 required frequency independent of a voltage required by the pad ring: 

10 supplying the required frequency and the minimum supported voltage to the 

42390.P3275 11 TMC/cm 



11 processor core: and 

12 dynamically changing the required frequency and the minimum supported voltage 

13 supplied responsive to a change in the current application mix. 

14 6. The method of claim 5 wherein a required frequency less than the 

15 maximum supported frequency is selected whenever a total processor 

16 core performance need of the current application mix can be met by a lower 

17 supported frequency 
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ABSTRACT 

A method and system for reducing power consumption in a processor core. A state 
machine used to coordinate a frequency from a clock signal generator with a voltage from a 

5 voltage regulator which is sufficient to allow operation of the processor at that frequency. Bot 
the clock signal generator and the voltage regulator must be able to generate at least two 
frequencies or voltages, respectively. A level of processor need is tracked and the lowest 
frequency/ voltage pair that will allow the processor core to satisfy the need is selected. The 
level of processor need is monitored either periodically or continually such that a new frequency 

10 / voltage pair can be dynamically selected as the application mix change 
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Attorney's Docket No.: 42390.P3275R Patent 
DECLARATION AND POWER OF ATTORNEY FOR REISSUE PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name. 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an original, first, and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled 

METHOD AND APPARATUS PROVIDING MULTIPLE VOLTAGES AND FREQUENCIES 
SELECTABLE BASED ON REAL TIME CRITERIA TO CONTROL POWER CONSUMPTION 

the specification of which is attached hereto and was issued as U.S. Patent No. 5,812,860 (the "original 
patent") from application number 599,648 f iled February 12, 1996 (the "original application"). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment referred to above. I do not know and do not 
believe that the claimed invention was ever known or used in the United States of America before my 
invention thereof, or patented or described in any printed publication in any country before my invention 
thereof or more than one year prior to the original application, that the same was not in public use or on 
sale in the United States of America more than one year prior to the original application, and that the 
invention has not been patented or made the subject of an inventor's certificate issued before the date of 
the original application in any country foreign to the United States of America on an application filed by 
me or my legal representatives or assigns more than twelve months (for a utility patent application) or six 
months (for a design patent application) prior to the original application. 

I acknowledge the duty to disclose all information known to me to be material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d), of any 
foreign application (s) for patent or inventor's certificate listed below and have also identified below any 
foreign application for patent or inventor's certificate having a filing date before that of the application on 
which priority is claimed: 









Priority 


Prior Foreign Applicationfs) 






Claimed 


(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes No 


(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 



I hereby claim the benefit under title 35, United States Code, Section 119(e) of any United States 
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provisional application(s) listed below 



(Application Number) Filing Date 



(Application Number) Filing Date 

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, 
United States Code, Section 112, 1 acknowledge the duty to disclose all information known to me to be 
material to patentability as defined in Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the national or PCT international filing date of 
this application: 



(Application Number) Filing Date (Status — patented, 

pending, abandoned) 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 

I hereby appoint William E. Alford, Reg. No. 37,764; Farzad E. Amini, Reg. No. P42,261; Aloysius T. C. 
AuYeung, Reg. No. 35,432; William Thomas Babbitt, Reg. No. 39,591; Carol F. Barry, Reg, No. 41,600; Jordan 
Michael Becker, Reg. No. 39,602; Bradley J. Bereznak, Reg. No. 33,474; Michael A. Bernadicou, Reg. No. 35,934; 
Roger W. Blakely, Jr., Reg. No. 25,831; Gregory D. Caldwell, Reg. No. 39,926; Ronald C. Card, Reg. No. P44,587; 
Thomas M. Coester, Reg. No. 39,637; Donna Jo Coningsby, Reg. No. 41,684; Stephen M. De Klerk, under 37 
C.F.R. § 10.9(b); Michael Anthony DeSanctis, Reg. No. 39,957; Daniel M. De Vos, Reg. No. 37,813; Robert 
Andrew Diehl, Reg. No. 40,992; Matthew C. Fagan, Reg. No. 37,542; Tarek N. Fahmi, Reg. No. 41,402; James Y. 
Go, Reg. No. 40,621; James A. Henry, Reg. No. 41,064; Willmore F. Holbrow III, Reg. No. P4 1,845; Sheryl Sue 
Holloway, Reg. No. 37,850; George W Hoover II, Reg. No. 32,992; Eric S. Hyman, Reg. No. 30,139; Dag H. 
Johansen, Reg. No. 36,172; William W. Kidd, Reg. No. 31,772; Erica W. Kuo, Reg. No. 42,775; Michael J. Mallie, 
Reg. No. 36,591; Andre L. Marais, under 37 C.F.R. § 10.9(b); Paul A. Mendonsa, Reg. No. 42,879; Darren J. 
Milliken, Reg. 42,004; Lisa A. Norris, Reg. No. P44,976; Chun M. Ng, Reg. No. 36,878; Thien T. Nguyen, Reg. 
No. 43,835; Thinh V. Nguyen, Reg. No. 42,034; Dennis A. Nicholls, Reg. No. 42,036; Kimberley G. Nobles, Reg. 
No. 38,255; Daniel E. Ovanezian, Reg. No. 41,236; Babak Redjaian, Reg. No. 42,096; William F. Ryann, Reg. 
44,313; James H. Salter, Reg. No. 35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 
31,195; Jeffrey Sam Smith, Reg. No. 39,377; Maria McCormack Sobrino, Reg. No. 31,639; Stanley W. Sokoloff, 
Reg. No. 25,128; Judith A, Szepesi, Reg. No. 39,393; Vincent P. Tassinari, Reg. No. 42,179; Edwin H. Taylor, Reg. 
No. 25,129; John F. Travis, Reg. No. 43,203; George G. C. Tseng, Reg. No. 41,355; Joseph A. Twarowski, Reg. 
No. 42,191; Lester J. Vincent, Reg. No. 31,460; Glenn E. Von Tersch, Reg. No. 41,364; John Patrick Ward, 
Reg. No. 40,216; Charles T. J. Weigell, Reg. No. 43,398; Kirk D. Williams, Reg. No. 42,229; James M. Wu, Reg. 
No. P45,241; Steven D. Yates, Reg. No. 42,242; Ben J. Yorks, Reg. No. 33,609; and Norman Zafinan, Reg. No. 
26,250; my patent attorneys, and Andrew C. Chen, Reg. No. 43,544; Justin M. Dillon, Reg. No. 42,486; Paramita 
Ghosh, Reg. No. 42,806; and Sang Hui Kim, Reg. No. 40,450; my patent agents, of BLAKELY, SOKOLOFF, 
TAYLOR & ZAFMAN LLP, with offices located at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 
90025, telephone (310) 207-3800, and Alan K. Aldous, Reg. No. 31,905; Robert D. Anderson, Reg. No. 33,826; 
Joseph R. Bond, Reg. No. 36,458; Richard C. Calderwood, Reg. No. 35,468; Jeffrey S. Draeger, Reg. No. 41,000; 
Cynthia Thomas Faatz, Reg No. 39,973; Sean Fitzgerald, Reg. No. 32,027; John N Greaves, Reg. No. 40,362; Seth 
Z. Kalson, Reg. No. 40,670; David J. Kaplan, Reg. No. 41,105; Charles A. Mirho, Reg. No. 41,199; Leo V. 
Novakoski, Reg. No. 37,198; Naomi Obinata, Reg. No. 39,320; Thomas C. Reynolds, Reg. No. 32,488; Kenneth M. 
Seddon, Reg. No. 43,105; Mark Seeley, Reg. No. 32,299; Steven P. Skabrat, Reg. No. 36,279; Howard A. Skaist, 
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Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. Werner, Reg. No. 34,752; Robert G. Winkle, 
Reg. No. 37,474; and Charles K. Young, Reg. No. 39,435; my patent attorneys, and Thomas Raleigh Lane, Reg. No. 
42,781; Calvin E. Wells; Reg. No. P43,256, Peter Lam, Reg. No. P44,855; and Gene I. Su, Reg. No. 45,140; my 
patent agents, of INTEL CORPORATION; and James R. Thein, Reg. No. 31,710, my patent attorney; with full 
power of substitution and revocation, to prosecute this application and to transact all business in the Patent and 
Trademark Office connected herewith. 

We verily believe the original patent to be wholly or partially inoperative: 

by reason that the patent claims less than We had a right to claim in the patent. The claim or claims will be 
partly inoperative in failing to protect against infringement of all embodiments of our invention. Thus, We hereby 
indicate a desire to seek broadened claims as indicated in the Preliminary Amendment filed herewith. We also hereby 
affirm that this reissue application was filed diligently upon discovery of the following error. 

The errors arose in the prosecution of the original application which resulted in the issuance of the patent. The 
attorney prosecuting the original application failed to appreciate the scope of the invention, and thus, limited the claims 
as indicated below. 

The error arose without any deceptive intention on our part. 

We further acknowledge my duty to disclose information which is material to the examination of the application 
under 37 CFR§ 1.56. 

Specifically, in claim 1, the clock signal generator need not have been recited. 
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Inventor's Signature Date 
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(Country) 
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Full Name of Second/Joint Inventor 



Steven D. Gorman 



Inventor's Signature 



Date 



Residence 



Phoenix, Arizona 



Citizenship 



USA 



(City, State) 



(Country) 
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Full Name of Third/Joint Inventor Lionel S. Smith 

Inventor's Signature Date 

Residence Queen Creek, Arizona Citizenship USA 

(City, State) (Country) 

Post Office Address 23412 Via del Arroyo, Queen Creek, Arizona 85142 
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Title 37, Code of Federal Regulations, Section 1.56 
Duty to Disclose Information Material to Patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best 
served, and the most effective patent examination occurs when, at the time an application is being 
examined, the Office is aware of and evaluates the teachings of all information material to patentability. 
Each individual associated with the filing and prosecution of a patent application has a duty of candor and 
good faith in dealing with the Office, which includes a duty to disclose to the Office all information known 
to that individual to be material to patentability as defined in this section. The duty to disclosure 
information exists with respect to each pending claim until the claim is cancelled or withdrawn from 
consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is cancelled or withdrawn from consideration need not be submitted if the information is not material 
to the patentability of any claim remaining under consideration in the application. There is no duty to 
submit information which is not material to the patentability of any existing claim. The duty to disclosure 
all information known to be material to patentability is deemed to be satisfied if all information known to be 
material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office 
in the manner prescribed by §§1.97(b)-(d) and 1 .98. However, no patent will be granted on an application 
in connection with which fraud on the Office was practiced or attempted or the duty of disclosure was 
violated through bad faith or intentional misconduct. The Office encourages applicants to carefully 
examine: 

(1) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of 
a patent application believe any pending claim patentably defines, to make sure that any material 
information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a 
claim is unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term 
in the claim its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1) Each inventor named in the application; 



(2) Each attorney or agent who prepares or prosecutes the application; and 
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(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 
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